Introduction {#ss3}
============

Male hypogonadism is a clinical syndrome resulting from failure of the testes to produce physiological levels of testosterone (T) caused by the disruption at one or more levels of the hypothalamic--pituitary--gonadal axis \[[@b1]\]. A morning total testosterone level below approximately 10.4 nmol/L (300 ng/dL) is considered to be below normal and has a greater likelihood of causing symptoms \[[@b1]\]. The International Society of Andrology (ISA), International Society for the Study of the Aging Male (ISSAM), and the European Association of Urology (EAU) recommend that levels above a threshold of 12 nmol/L (346 ng/dL) are normal; whereas levels below 8 nmol/L (231 ng/dL) demonstrate overt hypogonadism \[[@b2]\]. This study was primarily designed to investigate the effect of a 1% testosterone gel (T gel) on (1) the symptoms of hypogonadism and quality of life, as assessed by the Aging Males' Symptoms (AMS) scale \[[@b3]\] after 6 months of therapy under real life, standard clinical practice, as opposed to a strict clinical trial scenario, and (2) to perform subgroup analyses based on the age quartiles of the patients.

Several studies have shown an increase in hypogonadism with advancing age \[[@b4]\]. According to a recent European Commission report, the share of the population in the 27 European Union member countries aged 65 years or older is anticipated to increase from 17.1% in 2008 to 30.0% in 2060, and the number of people aged 80 years or older is projected to increase from 21.8 million to 61.4 million over the same time period \[[@b9]\]. As male hypogonadism increases with age, and the population of older men increases, physicians are more likely to see these men appearing for treatment.

Hypogonadism is associated with various symptoms and disease states that have significant effects on morbidity and mortality, as well as on quality of life. Symptoms include reduced libido, erectile dysfunction, fatigue, depression, changes in body composition, and in severe, long-standing cases, osteoporosis \[[@b10]\]. It has been shown that low total T and sex-hormone--binding globulin are associated with an increased risk of developing the metabolic syndrome (MetSyn) \[[@b11]\]. Several studies have revealed that the components of MetSyn, which include hypertension, hyperlipidemia, diabetes, and obesity, are more prevalent among hypogonadal men than men with normal T levels \[[@b11]\]. The Hypogonadism in Males study revealed that the odds ratios for hypogonadism were 1.47 in men with hyperlipidemia, 1.84 in men with hypertension, 2.09 in men with diabetes, and 2.38 in obese men, compared with men without these conditions \[[@b7]\].

Testosterone replacement therapy (TRT) is indicated in males for conditions associated with a deficiency or absence of endogenous testosterone (primary, and secondary or hypogonadotropic hypogonadism) \[[@b1],[@b15],[@b16]\]. TRT has been shown to improve sexual function, decrease body fat, increase lean muscle mass and function, increase bone mass \[[@b17]\], and enhance survival \[[@b24]\] in hypogonadal men. In addition, it may have beneficial effects on mood \[[@b18],[@b20],[@b23],[@b25]\].

AndroGel® (AbbVie, North Chicago, IL, also marketed by various companies in different countries under the name Androtop® and Testogel®; manufactured by Besins, Paris, France) is a 1% hydroalcoholic T gel that provides continuous transdermal delivery of T for 24 h following a single topical application to the shoulders, upper arm, and/or abdomen. It is approved for the treatment of hypogonadism \[[@b26]\].

The primary objective of the *E*nergy, *S*exual desire, and body *P*ropo*R*tions with AndroGel® testosterone 1% gel therapy (ESPRIT) study was to evaluate the effect of 6 months of 1% T gel therapy on the symptoms of hypogonadism and quality of life, as assessed by the AMS scale. It was conducted as an observational study under the real life conditions of clinical practice. Further objectives were to evaluate the effect and time-to-onset of improvement in libido/sexual desire, erectile dysfunction, fatigue, and body proportions of participants. The tolerability of the 1% T gel was also assessed.

Methods {#ss4}
=======

The study asked each participating physician to collect data for all newly diagnosed hypogonadal subjects who had not previously been treated with T, and for whom the physician had decided to prescribe 1% T gel. The study design was previously published \[[@b29]\].

The participating physicians were urologists, endocrinologists, and general practitioners, who had an interest in TRT and were in community clinical practices. Each physician selected a minimum of three patients. The intention was to understand what happens in real life, as opposed to in a formal, clinical trial environment. The study has the ClinicalTrials.gov identifier NCT01143818.

A total of 1053 subjects were chosen by 222 centers between 17 December 2007 and 18 January 2010. Physicians in eight countries participated: Canada, Russia, Croatia, Germany, Slovenia, Saudi Arabia, Romania and the United Arab Emirates. This was an open-labeled study with no control group, and all comparisons were measured as changes from baseline, with a starting dose of 50 mg T per day.

Selection criteria {#ss5}
------------------

To be eligible, each subject had to be male, aged 18 years or older, newly diagnosed as hypogonadal, and not previously treated with T. Hypogonadism had to be confirmed by clinical presentation and by biochemical/laboratory tests according to the ISA, ISSAM, and EAU international guidelines current at the time of the study \[[@b15]\]. The 1% T gel was prescribed in accordance with local Summary of Product Characteristics (SPC) (labeling). Subjects were excluded if they had contraindications to T treatment (e.g., carcinoma of the breast, or known, or suspected prostate cancer), or if they were unwilling or unable to sign an informed consent form. All subjects could withdraw from participation at any time, for any reason, and without penalty or loss of the benefits of medical care. A physician could withdraw a patient if it was deemed to be in their best medical interest. Subjects could be terminated from the study due to adverse or serious drug reactions, lack of efficacy, withdrawn consent or for administrative or protocol violation.

Ethics {#ss6}
------

The study plan was submitted to independent Institutional Review Boards and/or Independent Ethics Committees (IEC) and/or other specific committees for approval prior to starting the study, as required by local regulatory provisions, and the Declaration of Helsinki. An informed consent form was completed by all participants.

Treatment {#ss7}
---------

Topical AndroGel 1% T gel (in sachets) was prescribed according to local SPC (labeling), with a starting dose of 50 mg of T per day. The T gel was applied to the clean, dry, intact skin of shoulders and upper arm, and/or abdomen. To ensure proper dosing, serum T was measured at intervals and doses were adapted to maintain serum levels in the normal range. If the T level was below the normal range, the daily T gel dose could be increased from 50 mg to 75 mg, and from 75 to 100 mg. If the serum T level exceeded the normal range, the daily dose was decreased. If the serum T consistently exceeded the normal range, then the therapy was discontinued. T levels were assessed in the morning, and "normal," "low," and "high" levels for total and/or free T were reported on the subject's form at each visit. These categories were based on the normal range of the investigator's lab. A category of "not available" was also included.

Outcome measures {#ss8}
----------------

Efficacy measurements were scheduled in accordance with the local standard of practice and included the following:An inclusion/baseline assessment visitOne visit 4 weeks after starting 1% T gel treatmentOne visit 3 months after starting the treatmentA final evaluation visit 6 months after starting 1% T gel treatment

All visits were to occur within a ± 4 day window of the intended date.

Five efficacy measures were used. The primary outcome was the AMS scale. Secondary efficacy variables were the International Index of Erectile Function (IIEF) and the Multidimensional Fatigue Inventory (MFI) scale, body mass index (BMI), and waist circumference. Scales were used in order to evaluate symptoms in an objective manner. The changes from baseline to month 6 in total score and in the various domains for each of the measures were analyzed. The change in AMS total score was also analyzed by age quartiles (≤45, 45--53, 53--61, and 61--99 years) and by age group (\<50 years and ≥50 years).

A "responder" was defined as a patient with one or more documented total T level within the normal, eugonadal range (per their local lab) while receiving 1% T gel. A "nonresponder" was a patient who had no documented total T level within the normal eugonadal range while receiving 1% T gel.

### AMS {#ss9}

The AMS is a self-administered scale designed to assess the symptoms of aging in males, to evaluate quality of life over time, and to measure effects of pre- and postandrogen therapy \[[@b3]\]. Subjects rate symptoms from none (0) to extremely severe (5) for 17 items in three domains: psychological (5 items), somatic (7 items), and sexual (5 items). Total scores range from 17 (minimum) to 85 (maximum).

### IIEF {#ss10}

The IIEF is a 15-item scale that evaluates five domains: erectile function, orgasmic function, sexual desire, intercourse satisfaction, and overall satisfaction \[[@b30]\]. The scores range from 0 to 5 on each item with a lower score indicating greater dysfunction. The total score of the IIEF could not be greater than 75 points.

### MFI {#ss11}

The MFI is a validated, 20-item scale to assess fatigue (general, physical, and mental), reduced activity, and reduced motivation \[[@b31]\]. Five subscales contain four statements that are rated on a 5-point scale from "yes, that is true," to "no, that is not true." Each subscale has a maximum value of 20 and a minimum value of 4. Higher scores on each scale indicate more fatigue severity/reduced activity/reduced motivation. The MFI total score cannot be greater than 100 points or less than 20.

### BMI and Waist Circumference {#ss12}

BMI in kilogram per square meter and waist circumference in centimeters were measured at each visit.

Safety measurements {#ss13}
-------------------

Suspected adverse drug reactions (ADRs) were reported during final visits and follow-up. Suspected ADRs were characterized by severity as mild, moderate, or severe.

Statistical analyses {#ss14}
--------------------

Statistical analyses were performed using SAS® software (Cary, NC). The last observation carried forward method was used. The percentage and absolute changes between baseline and post baseline visits were analyzed using a paired difference t-test, and 95% confidence intervals were calculated. The data were summarized by responder status.

Results {#ss15}
=======

A total of 1053 subjects in 222 centers were enrolled in the study. The number of subjects in each country was 340 from Canada, 267 from Russia, 134 from Croatia, 91 from Germany, 87 from Slovenia, 69 from Saudi Arabia, 54 from Romania and 11 from the United Arab Emirates.

Four (0.4%) patients were excluded from the safety population (*n* = 1049) because no study treatment was administered.

A total of 337 subjects were not included in the full analysis population as they lacked AMS scores at both baseline and 6-month visits. Seven hundred ninety-nine (77.3%) subjects completed the study. Seven hundred and twelve (67.6%) subjects (with AMS scores at both baseline and 6 months) were included in the full analysis population. [Figure 1](#f1){ref-type="fig"} shows the flow of subjects through the study. Figure 1.Flow chart of subject disposition. ADR, adverse drug reaction; AMS, Aging Males' Symptoms scale. ^a^An overall total of 337 subjects lacked AMS scores at both baseline and the 6-month visit. This number includes all those who discontinued the study in addition to the 83 who completed the study, but lacked AMS scores.

As this was an observational study, laboratory tests and examinations could not be mandated. Thus, a category of "not available" was also included when reporting data.

Baseline characteristics {#ss16}
------------------------

[Table 1](#t1){ref-type="table"} summarizes the baseline demographics and characteristics of the analyzed population. Population demographics were similar in both responders (578/712, 81.2%) and nonresponders (134/712, 18.8%) with the exception of smoking. There were more smokers in the responder category (136/550, 24.7%) than in the nonresponder category (16/124, 12.9%). With respect to the subjects' medical history, abdominal obesity was most frequently reported (in 431/666 (64.7%) of all subjects). Systolic and diastolic blood pressure measures were almost identical in both responder and nonresponder groups; however, there were more subjects with elevated blood pressure in the responder group (322/545, 59.1%) than in the nonresponder group (56/120, 46.7%). Subjects with normal blood pressure but on hypertensive medication were included in the elevated blood pressure category. Reduced high-density lipoprotein cholesterol (HDL-C) (\<40 mg/dL or 1.03 mmol/L, or undergoing drug treatment for reduced HDL-C) was reported in about half of the subjects. Elevated triglycerides (≥150 mg/dL or 1.7 mmol/L, or undergoing drug treatment for elevated triglycerides) were reported in about 40% of the subjects. Table 1.Baseline demographics and characteristics of responders and nonresponders.Demographic characteristicsResponders (*n* = 578), *n* (%)Nonresponders (*n* = 134), *n* (%)Overall population (*N* = 712), *n* (%)Race/ethnicity*n* = 573*n* = 131*n* = 704 White525 (91.6)118 (90.1)643 (91.3) Asian29 (5.1)7 (5.3)36 (5.1) American Indian or  Alaska Native7 (1.2)1 (0.8)8 (1.1) Black, of African   heritage/African   American4 (0.7)2 (1.5)6 (0.9) Other8 (1.4)3 (2.3)11 (1.6)Ethnicity*n* = 466*n* = 109*n* = 575 Non Hispanic463 (99.4)108 (99.1)571 (99.3) Hispanic3 (0.6)1 (0.9)4 (0.7)Smoking status*n* = 550*n* = 124*n* = 674 Smoker136 (24.7)16 (12.9)152 (22.6) Ex-Smoker190 (34.5)44 (35.5)234 (34.7) Nonsmoker224 (40.7)64 (51.6)288 (42.7)Age (years)*n* = 563*n* = 134*n* = 697 Missing15015 Mean ± SD52 ± 1253 ± 1253 ± 12 Median535453 Range\[18--99\]\[25--86\]\[18--99\]Systolic blood   pressure (mm Hg)*n* = 570*n* = 134*n* = 704 Mean ± SD133 ± 14132 ± 15133 ± 14 Median130130130Diastolic blood   pressure (mm Hg)*n* = 566*n* = 133*n* = 699 Mean ± SD83 ± 1082 ± 1082 ± 10 Median808080Height (cm)*n* = 510*n* = 125*n* = 635 Mean ± SD176 ± 8176 ± 8176 ± 8 Median176176176Weight (kg)*n* = 527*n* = 126*n* = 653 Mean ± SD94 ± 1593 ± 1594 ± 15 Median949293BMI (kg/m^2^)*n* = 510*n* = 125*n* = 635 Mean ± SD31 ± 430 ± 431 ± 4 Median313031Waist circumference (cm)*n* = 541*n* = 123*n* = 664 Mean ± SD107 ± 12106 ± 13107 ± 12 Median106105106Abdominal obesity[^a^](#T1_1){ref-type="fn"}*n* = 543*n* = 123*n* = 666 353 (65)78 (63.4)431 (64.7)Elevated blood pressure[^b^](#T1_2){ref-type="fn"}*n* = 545*n* = 120*n* = 665322 (59.1)56 (46.7)378 (56.8)Metabolic syndrome[^c^](#T1_3){ref-type="fn"}*n* = 557*n* = 126*n* = 683283 (50.8)62 (49.2)345 (50.5)Type 2 diabetes*n* = 574*n* = 132*n* = 706116 (20.2)35 (26.5)151 (21.4)Type 1 diabetes*n* = 557*n* = 126*n* = 6838 (1.4)3 (2.4)11 (1.6)Reduced HDL-C[^d^](#T1_4){ref-type="fn"}*n* = 490*n* = 105*n* = 595 or drug treatment  for reduced HDL-C243 (49.6)47 (44.8)290 (48.7)Elevated triglycerides[^e^](#T1_5){ref-type="fn"}*n* = 491*n* = 109*n* = 600209 (42.6)51 (46.8)260 (43.3)[^1][^2][^3][^4][^5][^6]

Most subjects were being treated by a phosphodiesterase type 5 (PDE5) inhibitor (578/666, 86.8%), insulin or oral hypoglycemics (528/678, 77.9%), and/or lipid lowering products (466/666, 70.0%). Antihypertensives were used in 402/681 (59.0%).

According to the National Cholesterol Education Program Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (NCEP/ATP III) criteria \[[@b32]\], in which three of the five measurements were present, MetSyn was present in half of the subjects (345/683, 50.5%).

Testosterone {#ss17}
------------

The mean baseline morning total T level cannot be summarized as the blood was taken in multiple different laboratories with different normal ranges and assay techniques. For all patients included, the attending physician had to check that the hypogonadism was present as confirmed by clinical features and biochemical tests according to international guidelines.

Out of 1053 enrolled subjects, 1049 received at least 1 dose of 1% T gel. Fifty-five subjects had no T data at baseline (the treating physicians did not provide T data for 40 subjects and 15 physicians recorded the T level on the case report form as "missing"); leaving 994 subjects with baseline T levels recorded ([Figure 2](#f2){ref-type="fig"}). Of these 994 subjects, 831 (83.6%) had low T and 158 (15.9%) had normal T levels. After 6 months of treatment, 669 subjects had their T levels recorded and 380 had no T data. Out of these 669 subjects, 113 (16.9%) had low T and 535 (80%) had normal T levels. Conclusions are similar for the morning free T and calculated free T values. Figure 2.Flow chart showing T data at baseline and after 6 months of treatment. CRF, case report form; T, testosterone.

There were few changes in T dosage reported at each follow-up visit (less than 8.7% of subjects). At the 4-week visit, the dosage was increased to 75 mg for 26/681 patients (3.8%), to 100 mg for 8/681 patients (1.2%), and decreased to 25 mg for 7/681 patients (1.0%). At the 3-month visit, the dosage was increased to 50 mg for 2/689 patients (0.3%), to 75 mg for 21/689 (3.0%), and to 100 mg for 17/689 (2.5%).The dosage decreased to 50 mg for 2/689 patients (0.3%) and to 25 mg for 9/689 patients (1.3%). The predominant reasons given for changing the dosage were to adjust the patient's T level, to provide hypogonadal symptom relief, or a combination of both. Suspected ADRs were given as the reason for changing the dosage for 2/681 (0.3%) patients at the 4-week visit and 3/689 (0.4%) patients at the 3-month visit.

Changes in AMS total score {#ss18}
--------------------------

[Figure 3](#f3){ref-type="fig"} shows the change in mean AMS total scores over 6 months according to responder status. In both groups, AMS total score decreased significantly (*p* \< 0.0001 for both); not surprisingly, the change over 6 months was greater in the responders than nonresponders. However, mean absolute change was −14.7 ± 12.0 for responders and −12.1 ± 11.9 for nonresponders (*p* = 0.0285), and mean relative changes were −30.3% ± 22.3% for responders and −23.7% ± 23.3% for nonresponders (*p* = 0.0024). This responder/nonresponder difference effect was significant for each AMS subscore (psychological, somatic, and sexual). The difference, though, was small among groups, with the responders and nonresponders showing a difference of only three points, and responders and the overall group showing no difference. Figure 3.Change in mean AMS total scores over 6 months according to responder status. AMS, Aging Males' Symptoms scale. Error bars are standard error of mean.

At baseline, the mean total AMS scores were not significantly different between patients aged \<50 years (46 ± 12) and those aged ≥50 years (45 ± 12). AMS scores decreased significantly over 6 months in both age groups, although the decrease in men aged \<50 years was significantly greater (mean absolute change −16.1 ± 11.9) compared with the ≥50 year group ( −12.6 ± 11.7, *p* = 0.0001). The relative change was also significantly greater in the \<50 year age group (−33.4% ± 21.1% versus −25.5% ± 22.9%, *p* \< 0.0001).

[Figure 4](#f4){ref-type="fig"} shows the 6-month changes in mean AMS total scores according to age quartile. At baseline, mean AMS scores were significantly different between age quartiles (*p* = 0.0005). The absolute mean and relative mean decreases between baseline and 6-month visits were significantly different between age groups (*p* \< 0.0001). The decreases tended to be more marked in younger than in older subjects. Figure 4.Change in mean AMS total scores over 6 months according to age quartile. AMS, Aging Males' Symptoms scale. Error bars are standard error of mean.

Changes in IIEF total score {#ss19}
---------------------------

[Figure 5](#f5){ref-type="fig"} shows the change in the mean IIEF total score over 6 months of treatment for responders and nonresponders. In both responders and nonresponders, mean total IIEF scores increased significantly (*p* \< 0.0001 in both) over 6 months. The 6-month increase shown by responders was not significantly greater than that shown by nonresponders for either mean absolute change (18.2 ± 18.5 versus 16.9 ± 16.8, *p* = 0.7726) or mean relative change (117.7% ± 234.8% versus 106.8% ± 185.2%, *p* = 0.4807). The mean increase in IIEF score became significant as early as 1 month after initiation of the treatment (9.4 ± 14.2), a relative increase of 64.8% over baseline (*p* \< 0.0001) for the overall population ([Figure 6](#f6){ref-type="fig"}). This early improvement was also observed for each IIEF subscore (erectile function, orgasmic function, sexual desire, intercourse satisfaction, and overall satisfaction). The IIEF erectile function subscore showed the greatest increase over 6 months of all the subscales, showing a mean relative increase of 124.5% ± 387.2% after 1 month and 214.7% ± 533.3% at 6 months. The overall satisfaction subscale showed the next greatest change, with a mean increase of 104.1% ± 123.5% at 6 months. Figure 5.Change in IIEF total scores over 6 months according to responder status. IIEF, International Index of Erectile Function. Error bars are standard error of mean. Figure 6.Changes in IIEF and MFI total scores over 6 months for the overall population (*n* = 712). p \< 0.0001 versus baseline for all visits for both IIEF and MFI total scores. IIEF, International Index of Erectile Function; MFI, Multidimensional Fatigue Inventory. Error bars are standard error of mean.

The mean IIEF total score at baseline was significantly higher for those patients \<50 years of age (40 ± 17) compared with those ≥50 years (33 ± 18, *p* \< 0.0001). The 6-month increase in IIEF scores was significant in both groups from visit 2 at week 4 (*p* \< 0.0001) onward. The mean absolute IIEF increases observed from baseline to 6 months for the \<50 years (18.5 ± 18.1) and ≥50 years (17.3 ± 18.3) and the mean relative changes (107.9% ± 230.0% versus 122.1% ± 226.6%) were not, however, significantly different in both cases (*p* = 0.3967 and 0.4035, respectively).

At the baseline visit, the difference between age quartiles in IIEF score was significant (*p* \< 0.0001). The IIEF scores tended to be higher in younger subjects than in older subjects. The increase from baseline in IIEF total score was significant in all age quartiles from 4 weeks (*p* \< 0.0001 for each quartile). The mean absolute 6-month increase was significantly different between age groups (*p* = 0.0197), but not the relative increase (*p* = 0.2106). The absolute increase tended to be more marked in younger subjects than in older subjects ([Figure 7](#f7){ref-type="fig"}). Figure 7.Change in IIEF total scores over 6 months according to age quartile. IIEF, International Index of Erectile Function. Error bars are standard error of mean.

Changes in MFI total score {#ss20}
--------------------------

The mean MFI total score decreased significantly in both responders and nonresponders (*p* \< 0.0001 for both). The 6-month decrease was greater in responders than in nonresponders for both mean absolute change ( −16.8 ± 19.2 and −10.7 ± 22.3, respectively, *p* = 0.0048) and mean relative change (−24.0% ± 30.1% versus −10.5% ± 43.8%, *p* = 0.0010) ([Figure 8](#f8){ref-type="fig"} **)**. An improvement in MFI score was observed after 1 month (−6.9 ± 13.1) versus baseline, a relative improvement of 8.3% (*p* \< 0.0001) ([Figure 6](#f6){ref-type="fig"}). A significant decrease from baseline was also observed for each MFI subscore (general fatigue, physical fatigue, mental fatigue, reduced motivation, and reduced activity) after 4 weeks of treatment. Figure 8.Change in mean MFI total scores over 6 months according to responder status. MFI, Multidimensional Fatigue Inventory. Error bars are standard error of mean.

At baseline visit, mean MFI total scores were not significantly different between those aged \<50 years and those aged ≥50 years. The decrease from baseline in mean MFI total score was significant in both \<50 years and ≥50 years age categories from 4 weeks to 6 months (*p* \< 0.0001). The 6-month decrease was significantly greater in the \<50 years group than in the ≥50 years group for both mean absolute change (−18.4 ± 21.1 versus −13.1 ± 18.5, *p* = 0.0002) and relative change (−25.9% ± 32.9% versus −17.6% ± 33.5%, *p* \< 0.0001).

At the baseline visit, the difference between age quartiles in the MFI score was significant (*p* = 0.0003). The decrease from baseline in mean MFI total score was significant in the ≤45 years and 45--53 years age quartiles from 4 weeks to 6 months (*p* \< 0.0001 for these visits) The decrease from baseline in MFI total score became significant for all age quartiles at 4 weeks (*p* \< 0.0001 in each category). The 6-month mean absolute and mean relative decreases were significantly different between age groups (*p* \< 0.0001 in both). The decrease was observed to be greater in younger subjects ([Figure 9](#f9){ref-type="fig"}). Figure 9.Change in mean MFI total scores over 6 months according to age quartile. MFI, Multidimensional Fatigue Inventory. Error bars are standard error of mean.

Changes in BMI {#ss21}
--------------

Mean BMI decreased significantly (*p* \< 0.0001) in responders but remained stable in nonresponders. The decrease from baseline became significant at 3 months in responders (*p* \< 0.0001). The 6-month decrease was significantly greater in responders than nonresponders, both for the absolute mean change (−1.0 ± 2.0 kg/m^2^ versus −0.2 ± 1.2 kg/m^2^, *p* \< 0.0001) and the relative mean change (−2.9% ± 6.0% versus −0.4% ± 3.9%, *p* \< 0.0001) ([Figure 10a](#f10){ref-type="fig"}). Figure 10.Change in (a) mean BMI and (b) waist circumference over 6 months according to responder status. BMI, body mass index. Error bars are standard error of mean.

In the overall population, mean BMI decreased slightly from baseline (30.5 ± 4.4 kg/m^2^) to 3 months (30.0 ± 4.1 kg/m^2^) and 6 months (29.6 ± 3.8 kg/m^2^). The absolute decrease from baseline in mean BMI was limited but significant at 3 months ( −0.5 ± 1.5 kg/m^2^, *p* \< 0.0001) and 6 months (−0.8 ± 1.9 kg/m^2^, *p* \< 0.0001) ([Figure 11](#f11){ref-type="fig"}). The relative decrease from baseline in mean BMI was significant at 3 months (−1.5% ± 4.8%, *p* \< 0.0001) and 6 months (−2.4% ± 5.8%, *p* \< 0.0001). Figure 11.Changes in BMI and waist circumference values over 6 months for the overall population (*n* = 712). p \< 0.0001 versus baseline for all visits for both BMI and waist circumference. BMI, body mass index. Error bars are standard error of mean.

At baseline, BMI was not significantly different between men aged \<50 years and those aged ≥50 years (30.5 ± 4.5 kg/m^2^ versus 30.5 ± 4.3 kg/m^2^). The decrease from baseline in BMI was significant for both age categories at 3 and 6 months (*p* \< 0.0001 in both). The 6-month decrease was significantly more marked in the \<50 years than in the ≥50 years group for both mean absolute change (−1.2 ± 2.0 kg/m^2^ versus −0.6 ± 1.7 kg/m^2^, *p* = 0.0001) and mean relative change (−3.4% ± 6.4% versus −1.7% ± 5.2%, *p* \< 0.0001).

BMI scores were not significantly different between age quartiles at baseline (*p* = 0.3063). The decrease from baseline in BMI became significant for all age quartiles at 3 months (*p* \< 0.0001 in each), except in the 61--99 years age quartile, where BMI remained stable between baseline and 6 months. The mean absolute and mean relative decreases over 6 months were significantly different between age quartiles (*p* \< 0.0001 in both). The decrease was generally more marked in younger than in older subjects. For example, the decrease in BMI was slightly greater in the 45--53 years age quartile than in the 61--99 years age quartile, both for the mean absolute change (−1.1 ± 2.0 kg/m^2^ versus −0.1 ± 1.2 kg/m^2^, respectively) and the mean relative change (−3.0% ± 6.5% versus −0.3% ± 3.8%, respectively).

Changes in waist circumference {#ss22}
------------------------------

In both responders and nonresponders, the mean waist circumference decreased significantly from baseline and the decrease became significant at 3 months (*p* \< 0.0001). The 6-month decrease was significantly more marked in responders than nonresponders, both for the absolute mean change (−3.7 ± 6.8 cm versus −1.5 ± 4.0 cm, *p* = 0.0007) and the relative mean change (−3.2% ± 6.0% versus −1.4% ± 3.6%, *p* = 0.0005) ([Figure 10b](#f10){ref-type="fig"}).

The mean waist circumference in the overall population decreased slightly from baseline (106.9 ± 12.3 cm) to 3 months (105.1 ± 12.1 cm), and 6 months (104.2 ± 12.2 cm) ([Figure 11](#f11){ref-type="fig"}). The absolute decrease from baseline in mean waist circumference was significant at 3 months (−2.2 ± 5.3 cm, *p* \< 0.0001) and 6 months (−3.3 ± 6.4 cm, *p* \< 0.0001). The relative decrease from baseline in mean waist circumference was significant at 3 months (−1.9% ± 4.7%, *p* \< 0.0001) and 6 months (−2.9% ± 5.7%, *p* \< 0.0001).

Waist circumference values were not significantly different at baseline between the \<50 years and the ≥50 years age categories (106.8 ± 13.1 cm versus 107.2 ± 11.7 cm). The decrease from baseline in waist circumference was significant in both age categories at 3 and 6 months (*p* \< 0.0001 in both). The 6-month decrease was significantly greater in the \<50 years than in the ≥50 years age category for both mean absolute change (−5.0 ± 6.4 cm versus −2.0 ± 6.1 cm, *p* \< 0.0001) and relative change (−4.4% ± 5.5% versus −1.7% ± 5.6%, *p* \< 0.0001).

At baseline, waist circumference values were not significantly different between age quartiles (*p* = 0.6757). The decrease from baseline in waist circumference became significant for all age quartiles at 3 months (*p* \< 0.0001 in each), except for men aged 61--99 years, whose waist circumference remained relatively stable over 6 months. The mean absolute and mean relative decreases from baseline to 6 months were significantly different between age groups (*p* \< 0.0001 in both). As with BMI, the decrease was more marked in younger than in older subjects. The decrease in waist circumference was slightly greater in the 45--53 years age quartile than in the 61--99 years age quartile, both for mean absolute change (−4.8 ± 6.9 cm versus −0.7 ± 5.0 cm, respectively) and relative change (−4.1% ± 5.8% versus −0.5% ± 4.6%, respectively).

Safety {#ss23}
------

The median duration of T treatment was 185 days and was similar in responders and nonresponders. There were no deaths during the study. A total of 79 suspected treatment-emergent ADRs occurred with six serious ADRs in four subjects (0.4%). These were prostate carcinoma, amnesia, nausea, angina pectoris, hypertension, and atrial fibrillation.

Suspected treatment-emergent ADRs led to the discontinuation of treatment of 42 subjects (4%). Most of the ADRs leading to discontinuation belonged to the system organ class of general disorders and administration of site condition (18 subjects, mostly concerned with nonefficacy) or skin and subcutaneous tissues disorders (6 events in 6 subjects total, of whom 2 had allergic dermatitis and 2 experienced rash). Three subjects discontinued due to increased prostate-specific antigen (PSA). Other discontinuations were for cardiac, gastrointestinal, nervous, and psychiatric disorders (2 subjects in each category), ear and labyrinth, vascular, respiratory/thoracic/mediastinal, endocrine, hepatobiliary disorders, and infection/infestation (1 each).

Hemoglobin, hematocrit, and PSA values remained in the normal ranges for most subjects over the 6- month treatment period ([Table 2](#t2){ref-type="table"}). Vital signs were stable throughout the study. Table 2.Summary of qualitative laboratory parameters for PSA, hemoglobin, and hematocrit (*n* = 1049).Baseline, *n* (%)6 Months, *n* (%)PSA*n* = 1010*n* = 799 High8 (0.8)7 (0.9) Low18 (1.8)7 (0.9) Not available168 (16.6)265 (33.2) Normal816 (80.8)520 (65.1) Missing39271Hemoglobin*n* = 972*n* = 778 High13 (1.3)22 (2.8) Low63 (6.5)  31 (4) Not available180 (18.5)223 (28.7) Normal716 (73.7)502 (64.5) Missing77271Hematocrit*n* = 989*n* = 785 High  10 (1)19 (2.4) Low52 (5.3)23 (2.9) Not available243 (24.6)263 (33.5) Normal684 (69.2)480 (61.1) Missing60264[^7]

Discussion {#ss24}
==========

The medical histories of the men in this study were consistent with previous studies that showed a high frequency of increased BMI, hypertension, hyperlipidemia and diabetes in hypogonadal men \[[@b7]\]. There were slightly more smokers in the responder group than in the nonresponder group of this study.

As this was an observational study, it reflects everyday community clinical practice. Patient selection and treatment was provided by the local physicians and this will inevitably show some heterogeneity depending on their personal and clinical judgment, and their community mores. In addition, circadian variation in patients' T levels, and local laboratory ranges classified as "low," "normal," and "high," may help to provide an explanation for why the proportion of subjects with low morning total T values at baseline was 83.6% and not 100%. However, a 1% T gel has been shown to have a beneficial effect on body composition and health-related quality-of-life in patients with baseline low or low-normal T levels (up to 15 nmol/L, 431 ng/dL) in a study by Behre et al. \[[@b33]\].

Overall, most subjects (81.2%) showed a biochemical response to treatment, as they had at least one documented total T level within the normal range while receiving 1% T gel.

The main objective of this study was to evaluate the effect of 1% T gel TRT on symptoms of hypogonadism and quality of life, assessed by the AMS scale. A significant decrease (−29%) in mean AMS score was observed 6 months after initiation of the treatment, demonstrating a substantial improvement on aging symptoms in hypogonadal men. This is consistent with that reported in an open postmarketing study by Heinemann et al., in which 1670 hypogonadal men were treated for 3 months with 1% T gel (AndroGel) \[[@b34]\] and improvement in AMS total score was 30.7%. Heinemann et al. suggested that a 22% relative improvement in total AMS score is a reasonable threshold to judge treatment success. As expected, the improvement in AMS score shown here was more pronounced in responders than in nonresponders. The improvement was also more pronounced in younger subjects.

In this study, the increase in IIEF score became significant as early as 1 month after initiation of TRT (mean increase +9.4, +64.8%) and reached +17.9 (+115.7%) versus baseline at the 6-month visit. This is in agreement with a study in Taiwan \[[@b35]\] where a significant increase in the IIEF was observed after 1 month of treatment with 1% T gel in 38 hypogonadal men. Improvements in sexual function were also recorded after 1 month of 1% T gel treatment in a large 6-month randomized, controlled multicenter trial in 227 hypogonadal men \[[@b23]\]. The erectile function subscale showed a particularly large (\>200%) increase over 6 months due to TRT, this is in agreement with previously reported studies that have shown improvements in erectile function after transdermal gel use \[[@b22],[@b35]\].

Most patients (86.8%) were taking PDE5 inhibitors and there is evidence that testosterone may offer improvement in erectile function above and beyond that of PDE5 inhibitors alone \[[@b38],[@b39]\]. Therefore, the results from this study could be taken to provide some support for this concept. On the other hand, this issue remains somewhat controversial as a recent study has reported no significant differences in IIEF erectile function domain scores after 14 weeks of treatment with either sildenafil and testosterone, or sildenafil alone in men aged 40--70 years, with baseline IIEF erectile domain scores of 25 or less, and baseline total T levels less than 330 ng/dL (11.5 nmol/L) \[[@b40]\].

The link between erectile dysfunction and aging has been well established \[[@b41],[@b42]\] and this study provides further confirmation as IIEF scores are lower for older populations. After 6 months of 1% T gel TRT, the IIEF scores increased for all age groups and the relative increase was not significantly different between age groups.

This study employed the MFI scale to assess fatigue, which included general, physical, and mental fatigue, reduced motivation, and reduced activity. A study by Beutel et al. \[[@b43]\] has shown that sex hormone levels, physical complaints, depression, sexuality and life satisfaction, and low total and free T are associated with reduced motivation, as shown by the MFI scale. In this study, as early as 4 weeks after initiation of TRT, the MFI score decreased significantly and declined further at the following visit. After 6 months of treatment, the improvement in fatigue score reached −21.5%. Analyses of MFI scores showed that, as with the AMS score, the improvement in MFI score was more marked in responder subjects and also in younger patients.

Improvement in body composition after treatment with T gels has been reported previously \[[@b23],[@b37],[@b44]\]. In this study, a significant, although limited, decrease in BMI and waist circumference from baseline, was observed at 3 and 6 months after initiation of TRT with 1% T gel. This improvement in BMI and waist circumference was more marked in subjects who were classified as responders, and were younger. It is worth noting that body composition measurements are less prone to placebo effects than psychometric measures, such as AMS and IIEF. The mean BMI of this population was 31, indicating that the majority of patients were obese. This is noteworthy as there is evidence that obesity rather than age may be the major cause of declining testosterone levels in the general population \[[@b45]\].

The safety profile of this 1% T gel for TRT is well established \[[@b22],[@b27],[@b28]\] and in this study, its tolerability was also assessed. The frequency of subjects reporting at least one suspected treatment-emergent ADR was low (6.3%) and only a small proportion of subjects withdrew from the study for ADRs (4%). The ADRs reported in this study are typical of TRT and are reported in the product labeling \[[@b26]\]. No deaths were reported throughout the study duration.

Study limitations {#ss25}
-----------------

As this was an observational study, there was no control group who did not receive 1% T gel. Only primary outcome metrics (AMS, IIEF, MFI, BMI and waist circumference) were uniformly collected; values from labs and other data were sometimes missing. Thus, certain data were not evaluable from site to site and patient to patient. The varied backgrounds of the investigators and their staffs, as demonstrated by inconsistencies in data collection, are also limitations of this study. Hormonal assays were performed locally; therefore, analytical variations in the measurements occurred and made numerical summarization of baseline and follow-up values impossible. The lack of a central laboratory and the scarce availability of follow-up laboratory safety measurements (e.g. for hematocrit, PSA, and hemoglobin) are further limitations. In addition, only one blood sample was required to enter the study. Finally, mechanisms to determine compliance were not used. Despite these limitations, these data are consistent with previous observational and controlled studies.

Conclusion {#ss26}
==========

This was a large-scale international study conducted with a 1% T gel in hypogonadal men treated in everyday community clinical practice. After 6 months of treatment, T values had reached normal ranges in most subjects. A substantial and significant improvement in the symptoms of hypogonadism, quality of life, fatigue, erectile dysfunction, and libido/sexual desire, assessed through the AMS, MFI, and IIEF scores, respectively, was demonstrated in hypogonadal men after a 6-month treatment period with this 1% T gel TRT. A more objective effect of the treatment was demonstrated by a significant decrease in BMI and waist circumference. Treatment-emergent ADRs were experienced by 7.5% of the safety population over the 6-month treatment period in the setting of this study.
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[^1]: BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; SD, standard deviation.

[^2]: Classified as: Waist circumference ≥102 cm (non-Asian men) and ≥90 cm (Asian men).

[^3]: Classified as: Systolic blood pressure ≥130 mm Hg or diastolic blood pressure ≥85 mm Hg, or drug treatment for hypertension.

[^4]: Presence of metabolic syndrome based on 3 criteria (modified NCEP ATP III criteria \[[@b32]\]).

[^5]: \<40 mg/dL or 1.03 mmol/L.

[^6]: ≥150 mg/dL or 1.7 mmol/L.

[^7]: PSA, prostate-specific antigen. High: above the upper limit of the reference range. Low: below the lower limit of the reference range. Normal: Within the reference range (upper and lower limits included).
